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@ A method for producing a semiconductor 
device according to the present invention in- 
cludes the steps of: disposing a functional 
element in each cavity of a multi-cavity circuit 
board, the multi-cavity circuit board having a 
number of cavities opening upward ; overlaying 
a sealing resin sheet with a predetermined 
thickness containing, as a sealing resin, one of 
a thenmoplastic resin and a thenmosetting resin 
which is melted by heating and is cured by 
further heating on the multi-cavity circuit board 
so as to cover all of the cavities thereof ; heating 
and pressurizing the sealing resin sheet on the 
multi-cavity circuit board so that the sealing 
resin sheet is melted to be filled in each of the 
cavities ; and curing the molten resin filled in 
each of the cavities. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to a method for pro- 
ducing a semiconductor device, and more particularly 
to method for producing a semiconductor device such 
as a light-emitting display device displaying numbers, 
etc. by means of a light-emitting device, a photointer- 
rupter, a leadless I C, and a number of light-emitting 
diodes (LEDs). More specifically, the present inven- 
tion relates to a method for producing a semiconduc- 
tor device and a light-emitting display device includ- 
ing a circuit board made of a metallic substrate or a 
resin substrate such as that made of glass epoxy res- 
in and molded interconnection device (MID) on which 
a functional element such as an LED and an IC is pro- 
vided so as to be sealed with a sealing resin. 

2. Description of the Related Art: 

In recent years, micro light-emitting devices with 
a size of 1 mm square having a reflective plate have 
been developed, which use a circuit board provided 
with a reflective function, made of a metallic sub- 
strate or a resin substrate such as that made of glass 
epoxy resin and an MID. Such light-emitting devices 
having a reflective plate have a configuration in which 
a cavity is formed on a circuit board with a reflective 
function and an LED is mounted in the cavity so as 
to be sealed therein with a resin such as a light- 
transparent thermo-setting resin. The inner peripher- 
al surface of the cavity functions as a reflective plate, 
so that light emitted from the LED in the cavity passes 
through the sealing resin and is reflected from the in- 
ner peripheral surface of the cavity. 

When such micro light-emitting devices having a 
reflective plate are produced, a multi-cavity circuit 
board made of one MID provided with a number of 
cavities in a matrix is used so as to produce a number 
of light-emitting devices at the same time. 

The above-mentioned micro light-emitting device 
using a multi-cavity circuit board is produced as fol- 
lows: 

First, LEDS are respectively mounted in the cav- 
ities by die bonding and wire bonding. Then, a sealing 
resin in a liquid state or in a molten state is used to fill 
the respective cavities. The filled resin is cured, 
whereby a number of light-emitting devices are pro- 
duced at the same time. The respective cavities are 
generally filled with the sealing resin by cast molding, 
injection molding, or transfer molding. 

A method for filling the cavity with the sealing res- 
in by the conventional cast molding will be described 
with reference to Figures 25A to 25F. 

(1) As shown in Figure 25A, a main agent 91a and 
a curing agent 91b are mixed to prepare a sealing res- 
in 91 in a liquid state. As the sealing resin 91 , a ther- 



mosetting resin can be generally used; in particular, 
epoxy resin is preferably used. (2) As shown in Figure 
25B, the sealing resin 91 thus obtained is sufficiently 
stirred. (3) As shown in Figure 25C, the sealing resin 

5 91 is deaerated in a vacuum oven 92. (4) As shown 
in Figure 25D, the deaerated sealing resin is poured 
into a molding machine 93. (5) As shown in Figure 
25E, a multi-cavity circuit board 94 on which a number 
of cavities 94a are formed in a matrix and an LED has 

10 been mounted in each cavity 94a by die bonding and 
wire bonding is placed in the molding machine 93. 
Then, the sealing resin 91 in a liquid state is filled in 
each cavity 94a by dispenser 93a. The d ispenser 93a 
can be an air pressure type, a tubing type, a micro- 

15 gear pump type, etc. (6) As shown in Figure 25F, the 
multi-cavity circuit board 94 is heated by an oven 95 
so as to cure the sealing resin 91 in a liquid state in 
each cavity 94a. 

The multi-cavity circuit board 94 filled with the 

20 sealing resin 91 is divided into a predetermined num- 
ber of cavities 94a, whereby micro light-emitting de- 
vices with a reflective plate, in which the LED is 
sealed in the cavity on the circuit board with the seal- 
ing resin 91, are produced. 

25 Amethodforfilling a sealing resin by the conven- 

tional injection molding will be described with refer- 
ence to Figures 26A to 26F. 

(1) As shown in Figure 26E, a multi-cavity circuit 
board 96 with a number of cavities 96a provided in a 

30 matrix is used. The multi-cavity circuit board 96 has 
groove portions 96b provided so as to form separate 
rows of connected cavities 96a arranged side by side 
on its surface. (2) As shown in Figure 26A, the multi- 
cavity circuit board 96 is placed on lower mold 97b of 

35 a mold 97 for injection molding, an upper mold 97a 
thereof is attached to the lower mold 97b, and the 
mold 97 is clamped. (3) As shown in Figure 268, a tip 
end of an injection cylinder 97d is inserted into a noz- 
zle portion 97c provided in the mold 97. (4) Athermo- 

40 plastic resin in a molten state is supplied into the in- 
jection cylinder97d. As shown in Figure 26C, the ther- 
moplastic resin is injected into the mold 97 through 
the nozzle portion 97c and a gate 100 while being 
pressed by an injection plunger 97e. (5) The molten 

45 resin injected into the mold 97 fills each cavity 96a 
through each groove portion 96b of the multi-cavity 
circuit board 96. The thermoplastic resin is solidified 
by forced cooling or by being allowed to cool to room 
temperature. After the molten resin is solidified in 

50 each cavity 96a, the upper mold 97a is detached from 
the lower mold 97b, as shown in Figure 26D. (6) As 
shown in Figure 26E, the multi-cavity circuit board 96 
with each cavity 96a filled with the solidified resin is 
taken out of the lower mold 97b. (7) As shown in Fig- 

55 ure 26F, the gate 100 is detached from the multi-cav- 
ity circuit board 96. Thus, the multi-cavity circuit 
board 96 with each cavity 96a filled with the thermo- 
plastic sealing resin is obtained. The multi-cavity cir- 
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cuit board 96 is divided into the respective cavities 
96a, whereby micro light-emitting devices with a re- 
flective plate can be produced. 

A method for filling a sealing resin by the conven- 
tional transfer molding will be described with refer- 
ence to Figures 27a to 27C. 

(1) As shown in Figure 27E, in the same way as 
in the above-mentioned injection molding, a multi- 
cavity circuit board 96 is used, on which a number of 
cavities 96a are formed in a matrix and groove por- 
tions 96b are provided so as to connect the respective 
cavities 96a into separate rows arranged side by side. 
(2) As shown in Figure 27A, the multi-cavity circuit 
board 96 is placed on a lower mold 98b of a mold 98 
for transfer molding, an upper mold 98a thereof is at- 
tached to the lower mold 98b, and the mold 98 is 
clamped. The upper mold 98a has a heating chamber 
98c for heating a sealing resin to be charged therein- 
to. (3) As shown in Figure 27B, a thermosetting seal- 
ing resin 99 which has been B-staged, and plasticized 
if required, is charged into the heating chamber 98c. 
(4) As shown in Figure 27C, the sealing resin 99 is 
melted in the heating chamber 98c and injected into 
each cavity 96a of the multi-cavity circuit board 96 
through a gate 100 under pressure. (5) The sealing 
resin is primary-cured in the mold 98 (i.e., in the cav- 
ities 96a). Then, as shown in Figure 27D, the upper 
mold 98a is detached from the lower mold 98b. (6) As 
shown in Figure 27E, the multi-cavity circuit board 96 
is taken out of the lower mold 98b. (7) As shown in Fig- 
ure 27F, the gate 100 is detached from the multi-cav- 
ity circuit board 96. (8) As shown in Figure 27G, the 
multi-cavity circuit board 96 is heated in an oven 95 
so as to secondary-cure the sealing resin 99 in each 
cavity 96a. Thus, the multi-cavity circuit board 96 with 
each cavity 96a filled with the thermosetting sealing 
resin is obtained. The multi-cavity circuit board 96 is 
divided into the respective cavities 96a, whereby mi- 
cro light-emitting devices with a reflective plate can 
be produced. 

In any of the above-mentioned methods, by div- 
iding the multi-cavity circuit board 96 into a predeter- 
mined numberof groups of cavities instead of dividing 
it into a predetermined number of cavities 96a, a dot- 
matrix type light-emitting display device capable of 
displaying numbers, etc. in a variable manner can be 
produced. 

Alternatively, light-emitting devices can be pro- 
duced by filling with a sealing resin without using the 
above-described multi-cavity circuit board provided 
with a plurality of cavities. For example, micro light- 
emitting devices are produced by using a flat circuit 
board or a lead frame. Such micro light-emitting de- 
vices can be produced by potting, dipping, etc. Ac- 
cording to potting, a plurality of LEDs are provided in 
a matrix on a flat circuit board or a lead frame by die 
bonding and wire bonding, and a liquid sealing resin 
(e.g., epoxy resin) is dipped onto each LED so as to 



be cured, whereby each LED is sealed. According to 
dipping, a flat circuit board or a lead frame provided 
with LEDs is soaked into a liquid sealing resin (e.g., 
epoxy resin) and pulled up; thereafter, excess sealing 

5 resin adhered to the flat circuit board or the lead 
frame is removed with a spinner and the remaining 
sealing resin adhered to the flat circuit board or the 
lead frame is cured. 

In the case of producing light-emitting devices by 

10 using a flat circuit board or a lead frame instead of a 
multi-cavity circuit board, transfer molding or injec- 
tion molding can be adopted. 

In the case where dot-matrix type light-emitting 
display devices having a plurality of LEDs are pro- 

15 duced, a flat circuit board can also be used. In this 
case, a reflective plate having openings is put on a 
flat circuit board on which a plurality of LEDs are pro- 
vided in a matrix by die bonding and wire bonding. 
The reflective plate has as many openings as there 

20 are of the LEDs and is composed of a metal or resin 
molding. When the reflective plate is put on the flat 
circuit board, each LED on the flat circuit board is con- 
tained by each opening in the reflective plate. Each 
LED and wire on the flat circuit board are coated with 

25 a protecting resin such as silicone resin and a liquid 
thermosetting resin by using a brush or sprayed with 
a protecting resin such as silicone resin and a liquid 
thermosetting resin by using a spray or a nozzle. 
Thereafter, each LED and wire are cured so as to be 

30 protected. 

According to this method, in order to render light 
emitted from the LEDs uniform, a reflective plate is 
fixed onto the flat circuit board and thereafter, a dis- 
persion sheet is attached to the surface of the ref lec- 

35 tive plate. 

Hereinafter, problems involved in the above- 
mentioned conventional methods will be described. 

In the casting molding using the multi-cavity cir- 
cuit board 94, there is a possibility that the viscosity 

40 of the sealing resin to be filled in each cavity 94a 
changes with time in the dispenser 93a. For this rea- 
son, the dispenser 93a should control a discharge 
amount with high precision so that a predetermined 
amount of sealing resin can be poured into each cav- 

45 ity 94a even if the viscosity of the sealing resin in the 
dispenser 93a changes. In particular, in the case 
where micro light-emitting devices with a reflective 
plate are produced, the amount of the sealing resin to 
be poured into each cavity 96a is as small as 0.001 

50 cc, so that a dispenser capable of controlling a dis- 
charge amount with higher precision is required. 

In order to control the discharge amount in accor- 
dance with the change in viscosity of the sealing res- 
in, the amount of the sealing resin to be poured into 

55 the dispenser 93a should be made small. However, if 
the amount of the sealing resin to be poured into the 
dispenser 93a is decreased, the sealing resin in the 
dispenser 93a is consumed within a short period of 
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time, which makes it necessary to pour the sealing 
resin into the dispenser 93a a number of times, result- 
ing in the remarkable decrease in working efficiency. 

Alternatively, in order to control the discharge 
amount in accordance with the change in viscosity of 
the sealing resin, it is important to efficiently pour the 
sealing resin into each cavity 94a of the multi-cavity 
circuit board 94. For this purpose, there should be as 
many dispensers 93a as cavities 94a or the combin- 
ation of an X-Y table capable of being positioned with 
high precision and one or more dispensers 93a 
should be provided. However, providing such dis- 
pensers necessitates enlarged and complicated 
equipment, which is not preferably in terms of cost ef- 
ficiency. 

Furthermore, while the sealing resin is cured in 
each cavity 94a, components with a low boiling point 
contained in the liquid sealing resin evaporate. Thus, 
the smaller the capacity of each cavity 94a is, the 
larger the proportion of the evaporating components 
with regard to the capacity of each cavity 94a is. This 
causes a large change in the amount of the sealing 
resin which remains to be cured in the cavities 94a, 
leading to the possibility that a predetermined amount 
of the sealing resin is not cured in each cavity 94a. In 
some cases, micro light-emitting devices with a re- 
flective plate, having desired characteristics, cannot 
be obtained. 

As described above, according to the filling meth- 
od using the casting molding, an expensive and com- 
plicated dispenser system is required, which causes 
problems such as a longer resin supply time and the 
change in characteristics of the resultant light- 
emitting devices. 

According to the filling methods using the injec- 
tion molding and the transfer molding, the groove por- 
tions 96b connecting the respective cavities 96a into 
separate rows arranged side by side should be pro- 
vided on the multi-cavity circuit board 96. In the case 
of producing light-emitting devices using the multi- 
cavity circuit board 96 provided with the groove por- 
tions 96b, the sealing resin is filled to be cured in the 
groove portions 96b as well as in the cavities 96a. 
This causes light emitted from the LEDs to be output 
through the sealing resin in the groove portions 96b. 
As a result, there arises a problem such as the de- 
crease in luminance due to light leakage, i.e., the gen- 
eration of stray light, leading to the decrease in quality 
of the light-emitting devices. 

Furthermore, according to the injection molding, 
a mold and a molding machine capable of injecting a 
molten resin into each cavity 96a are required. How- 
ever, in order that the molten resin is injected so as to 
fill each cavity 96a completely without mixing air bub- 
bles therein, a mold which is precisely processed and 
a molding machine capable of injecting the molten 
resin at a high pressure are required. This increases 
the equipment expenses, leading to the degradation 



of cost efficiency. In order to fill the molten resin so 
as to fill each cavity 96a completely without using 
such an expensive mold and molding machine, de- 
creasing the number of the cavities 96a in the multi- 

5 layer cavity circuit board 96 will suffice; however, the 
production efficiency is remarkably decreased. 

According to the potting method and the dipping 
method, a liquid sealing resin should be prepared so 
as to have a desired characteristic and configuration 

10 and be cured. Thus, the management of a process is 
very complicated. Furthermore, according to these 
methods, since the sealing resin is not filled in con- 
tainers such as cavities with a predetermined shape, 
it is very difficult to obtain cured sealing resin in a uni- 
ts form shape. 

In the injection molding or the transfer molding 
using a flat circuit board or a lead frame, an expensive 
mold and molding machine are required in the same 
way as in the case using a multi-cavity circuit board. 

20 Furthermore, passages for injecting a sealing resin 
should be formed in the flat circuit board. Particularly 
in the injection molding, when using a liquid thermo- 
setting resin as a sealing resin, the viscosity of the 
sealing resin immediately after being injected into the 

25 mold decreases dramatically because the sealing 
resin is heated in the mold. For this reason, there is 
a possibility that the sealing resin flows into portions 
where the sealing resin is not necessary, such as the 
reverse face of the flat circuit board. 

30 In the case where the flat circuit board is coated 

with a protecting resin with a brush during the produc- 
tion of dot-matrix type light-emitting display devices, 
there is a possibility of lead wires such as gold wires 
bonded to each LED by wire bonding coming into con- 

35 tact with the brush thereby to deform or to peel off. 
Thus, close attention should be paid so as to prevent 
the lead wires from deforming or peeling off, which 
decreases the production efficiency. In the case 
where a liquid protecting resin is sprayed by a spray 

40 or a nozzle, there in a possibility that the protecting 
resin is coated onto portions other than a circuit 
board, leading to the contamination of work environ- 
ment. 

Furthermore, the method for producing light- 
45 emitting display devices using a flat circuit board 
needs the steps of fixing a reflective plate onto the flat 
circuit board so that the reflective plate is not detach- 
ed therefrom and of attaching a dispersion sheet to 
the reflective plate. This further decreases the pro- 
50 duction efficiency. 

As described above, the conventional methods 
have the respective problems. 

SUMMARY OF THE INVENTION 

55 

The method for producing a semiconductor de- 
vice of this invention includes the steps of: disposing 
a functional element in each cavity of a multi-cavity 
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circuit board, tlie multi-cavity circuit board having a 
number of cavities opening upward; overlaying a 
sealing resin sheet with a predetermined thickness 
containing, as a sealing resin, one of a thermoplastic 
resin and a thermosetting resin which is melted by 
heating and is cured by further heating, on the multi- 
cavity circuit board so as to cover all of the cavities 
thereof; heating and pressurizing the sealing resin 
sheet on the multi-cavity circuit board so that the seal- 
ing resin sheet is melted to be filled in each of the cav- 
ities; and curing the molten resin filled in each of the 
cavities. 

In one embodiment of the invention, the sealing 
resin sheet is brought into contact with the multi-cav- 
ity circuit board under vacuum to be heated and pres- 
surized. 

In another embodiment of the invention, the seal- 
ing resin sheet in heat-pressed together with the mul- 
ti-cavity circuit board under vacuum to be heated and 
pressurized. 

In another embodiment of the invention, the seal- 
ing resin sheet is heated and pressurized under a con- 
dition of being pressed by a peeling sheet for surface- 
finish with a matte surface. 

In another embodiment of the invention, a 
through hole is provided in each cavity. 

In another embodiment of the invention, a 
through hole is provided in a portion of the sealing res- 
in sheet opposing to each of the cavities. 

In another embodiment of the invention, a plural- 
ity of the sealing resin sheets each having a different 
elastic modulus are overlaid one on another. 

In another embodiment of the invention, the func- 
tional element is an optical element and the sealing 
resin has light transparency after being cured. 

In another embodiment of the invention, a resin 
sheet for molding a lens having light transparency is 
overlaid on the sealing resin sheet and the resin sheet 
for molding a lens is molded into a desired lens shape 
when the sealing resin sheet is melted, fills a cavity, 
and is cured. 

In another emtK>diment of the invention, the seal- 
ing resin is a thermosetting modified polyolef in. 

In another embodiment of the invention, the seal- 
ing resin is a modified phenoxy resin having a curable 
unsaturated portion. 

In another embodiment of the invention, the seal- 
ing resin is a high molecular weight unsaturated poly- 
ester having a number average molecular weight of 
not less than 5000 or modified materials thereof. 

Alternatively, the method for producing a semi- 
conductor device of the present invention includes the 
steps of: disposing a functional element in each cav- 
ity of a multi-cavity circuit board, the multi-cavity cir- 
cuit board having a number of cavities opening up- 
ward; filling each of the cavities with resin fine pow- 
ders containing, as a sealing resin, one of a thermo- 
plastic resin and a thermosetting resin which is melt- 



ed by heating and is cured by further heating; heating 
the resin fine powders filling each of the cavities so 
as to melt the resin fine powders; and curing the mol- 
ten resin filling each of the cavities. 

5 In one embodiment of the invention, the sealing 

resin is a thermosetting modified polyolefin. 

In another embodiment of the invention, the seal- 
ing resin is a modified phenoxy resin having a curable 
unsaturated portion. 

10 In another embodiment of the invention, the seal- 

ing resin is a high molecular weight unsaturated poly- 
ester having a number average molecular weight of 
not less than 5000 or modified materials thereof. 
Alternatively, the method for producing semicon- 

15 ductor device of the present invention includes the 
steps of: disposing a plurality of functional elements 
on a surface of a flat circuit board; overlaying a seal- 
ing resin sheet with a predetermined thickness con- 
taining, as a sealing resin, one of a thermoplastic res- 

20 in and a thermosetting resin which is melted by heat- 
ing and is cured by furthet heating, and having con- 
cave portions which cover the respective functional 
elements on the flat circuit board, on the flat circuit 
board; and molding the sealing resin sheet on the flat 

25 circuit board into a desired shape and sealing the re- 
spective functional elements in the desired shape. 

In one embodiment of the invention, the function- 
al element is an optical element, and the sealing resin 
has light transparency after being cured. 

30 In another embodiment of the invention, the seal- 

ing resin sheet is molded into desired lens shape. 

Alternatively, the method for producing a semi- 
conductor device of the present invention include the 
steps of: disposing a plurality of light-emitting diodes 

35 on a surface of a flat circuit board; overlaying a reflec- 
tive plate with a reflective function, having openings 
capable of accommodating each of the light-emitting 
diodes, on the flat circuit board so that each of the 
light-emitting diodes is accommodated in each of the 

40 openings; overlaying a sealing resin sheet with a pre- 
determined thickness containing, as a sealing resin, 
one of a thermoplastic resin and a thermosetting res- 
in which is melted by heating and is cured by further 
heating, on the reflective plate; heating and pressur- 
es izing the sealing resin sheet on the reflective plate so 
that the sealing resin sheet is melted to be filled in 
each of the openings of the reflective plate; covering 
an entire surface of the reflective plate with the mol- 
ten resin; and curing the molten resin. 

50 Thus, the invention described herein makes pos- 

sible the advantages of (1) providing a method for pro- 
ducing a semiconductor device capable of filling a 
sealing resin into each cavity precisely in a predeter- 
mined amount, irrespective of the size of the cavities; 

55 (2) providing a method for producing a semiconductor 
device having outstanding cost efficiency, requiring 
no high-precision dispensers, expensive molding ma- 
chine, etc.; (3) providing a method for producing a 
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semiconductor device which does not contaminate 
work environment; (4) providing a method for produc- 
ing a semiconductor device whose process manage- 
ment is very simple, having outstanding production 
efficiency; (5) providing a method for producing a 
semiconductor device of outstanding quality, which 
does not scratch functional elements mounted on a 
circuit board, and neither deforms nor peels off lead 
wires; (6) providing a method for producing a semi- 
conductor device of outstanding quality, which does 
not allow air bubbles to be mixed with a sealing resin; 
(7) providing a production method capable of simul- 
taneously producing a number of semiconductor de- 
vices without any variation in characteristics; and (8) 
providing a production method capable of producing 
desired semiconductor devices (e.g., dot-matrix type 
light-unitting display devices, photointerrupters, and 
leadless ICs) with high yield and high quality. 

These and other advantages of the present in- 
vention will become apparent to those skilled in the 
art upon reading and understanding the following de- 
tailed description with reference to the accompanying 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an external perspective view of a mi- 
cro light-emitting device with a reflective plate which 
can be produced by a method for producing a semi- 
conductor device according to the present invention. 

Figures 2A to 2D schematically show the steps of 
disposing a functional element in each cavity of a cir- 
cuit board in a method for producing a semiconductor 
device according to the present invention. 

Figures 3A to 3C schematically show an example 
of the steps of filling a sealing resin into each cavity. 

Figures 4A to 4C each schematically show a state 
of a sealing resin in a vacuum oven. 

Figure 5 is a perspective view showing the step 
of dividing a multi-cavity circuit board into each cavity 
filled with a sealing resin. 

Figure 6 is a cross-sectional view of a vacuum 
heating apparatus used for producing a semiconduc- 
tor device of the present invention. 

Figures 7Ato 7C schematically show an example 
of the steps of vacuum heating in a method for pro- 
ducing a semiconductor device according to the pres- 
ent invention. 

Figure 8A is a longitudinal cross-sectional view of 
a cavity of a multi-cavity circuit board in another ex- 
ample of the present invention; 8B is a transverse 
cross-sectional view thereof; 8C is a plan view there- 
of. 

Figure 9A is a longitudinal cross-sectional view of 

a cavity of a multi-cavity circuit board in another ex- 
ample of the present invention; 98 is a longitudinal 
cross-sectional view of a cavity of a multi-cavity cir- 
cuit board in still another example of the present in- 



vention. 

Figures 1 0A to 1 0C schematically show the steps 
of filling a cavity with a sealing resin in another exam- 
ple of the present invention. 
5 Figures 11 A to 11 C schematically show the steps 

of filling a cavity with a sealing resin in still another 
example of the present invention. 

Figure 12 is a cross-sectional view of the main 
portions of a vacuum heat pressing apparatus used 
10 in the steps of filling a cavity with a sealing resin 
shown in Figures 11 A to 11C. 

Figure 13A is a perspective view of a multi-cavity 
circuit board produced by the method shown in Fig- 
ures IIAto 11C; 138 is a perspective viewof a micro 
15 light-emitting device with a reflective plate produced 
by using a multi-cavity circuit board shown in Figure 
13A. 

Figure 14A is a perspective view of another ex- 
ample of a multi-cavity circuit board produced by the 
20 method shown in Figures 11 A to 11C; 148 is a per- 
spective view of a micro light-emitting device with a 
reflective plate produced by using a multi-cavity cir- 
cuit board shown in Figure 14A. 

Figures 1 5A to 1 5D schematically show the steps 
25 of filling a cavity with a sealing resin in still another 
example of the present invention. 

Figure 16 is an externall perspective viewof a mi- 
cro light-emitting device with a reflective plate pro- 
duced by the method shown in Figures 15A to 15D. 
30 Figure 17A is an external perspective view of a 

photointerrupter produced by a method for producing 
a semiconductor device according to the present in- 
vention; Figures 178 and 17C schematically show the 
steps of filling a cavity of a multi-cavity circuit board 
35 for the photointerrupter with a sealing resin. 

Figures 1 8A to 18C schematically show the steps 
of producing a leadless IC by a production method of 
the present invention. 

Figures 19A to 19E schematically show the pro- 
40 duction steps in still another example of a method for 
producing a semiconductor device according to the 
present invention. 

Figure 20 is a cross-sectional view of the main 
portions of a vacuum heat pressing apparatus used 
45 in the production steps shown in Figures 19A to 19E. 

Figure 21A is a perspective view of a flat circuit 
board produced by the method shown in Figures 19A 
to 19E; Figure 218 is a perspective view of a light- 
omitting device produced by using the flat circuit 
50 board shown in Figure 21 A. 

Figure 22A is a plan view of an example of a dot- 
matrix type light-emitting display device produced by 
a method for producing a semiconductor device ac- 
cording to the present invention; 228 is a cross- 
55 sectional view thereof. 

Figure 23 schematically shows the steps of pro- 
ducing the light-emitting display device shown in Fig- 
ures 22A and 228. 
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Figure 24 is a cross-sectional view of main por- 
tions of a vacuum heat pressing apparatus used in the 
steps shown in Figure 23. 

Figures 25A to 25F schematically show the steps 
of filling a multi-cavity circuit board with a sealing res- 
in by cast molding in a conventional method for pro- 
ducing a micro light-emitting device with a reflective 
plate. 

Figures 26Ato 26F schematically show the steps 
of filling a multi-cavity circuit board with a sealing res- 
in by injection molding in a conventional method for 
producing a micro light-emitting device with a reflec- 
tive plate. 

Figures 27 A to 27G schematically show the steps 
of filling a multi-cavity circuit board with a sealing res- 
in by transfer molding in a conventional method for 
producing a micro light-emitting device with a reflec- 
tive plate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the present specification, the term "resin" is 
taken to mean resin compositions containing various 
kinds of additives as well as general resins. 

Examples 

Figure 1 is an external perspective view of a mi- 
cro light-emitting device with a reflective plate pro- 
duced by a method for producing a semiconductor de- 
vice of the present invention. The light-emitting de- 
vice has a box-shaped cavity 12, which opens up- 
ward, in a box-shaped circuit board 11 about 1 mm 
square, made of molded interconnection device 
(MID). The cavity 12 accommodates a light-emitting 
diode (LED) 13. The LED 13 is die-bonded with a con- 
ductive adhesive 15 to a conductive pattern 14 for 
mounting the LED 13 provided on the bottom face of 
the cavity 12. The upper face of the LED 13 is wire- 
bonded with a conductive wire 1 7 such as a gold wire 
to a conductive pattern 16 for connecting the LED 13 
provided on the bottom face of the cavity 1 2. Asealing 
resin 21 made of a thermosetting resin such as a light- 
transparent cross-linked EVA(ethylene-vinyl acetate 
copolymer) is filled and cured in the cavity 12 of the 
circuit board 11 so as to seal the LED 13 therein. 

Figures 2A to 2D schematically show an example 
of the steps of disposing an LED in each cavity. As 
shown in Figure 2A, a number of light-emitting devic- 
es can be simultaneously produced by using a multi- 
cavity circuit board 10 on which a number of cavities 
12 are arranged in a matrix in longitudinal and lateral 
directions. First, the conductive pattern 14 for mount- 
ing the LED 13 and the conductive pattern 16 for con- 
necting the LED 13 are provided on the bottom face 
of each cavity 12. Then, as shown in Figure 2B, the 
conductive adhesive 15 is coated onto the conductive 



pattern 14 for mounting the LED 13 in each cavity 12; 
thereafter, as shown in Figure 2C, the LED 13 is die- 
bonded to the conductive adhesive 15. Then, as 
shown in Figure 2D, the LED 13 is wire-bonded to the 
5 conductive pattern 16 provided on the bottom face of 
the cavity 12 with the conductive wire 17 such as a 
gold wire. 

The thickness of the multi-cavity circuit board 10 
and the depth of each cavity 12 vary depending upon 

10 a purpose of use. In the present example, the thick- 
ness of the multi-cavity circuit board 10 is 1 .0 mm and 
the depth of each cavity 12 is 0.6 mm. 

Referring to Figures 3 A to 3C and Figures 4A to 
4C, a preferred example of the method for producing 

15 a semiconductor of the present invention will be de- 
scribed. Figures 3A to 3C schematically show the 
steps of filling each cavity 12 with a sealing resin 21. 
Figures 4A to 4C schematically show states of a seal- 
ing resin sheet 20 in a vacuum oven 33. 

20 In the present example, in order to fill the light- 

transparent sealing resin 21 into each cavity 12, the 
sealing resin sheet 20, a peeling sheet for surface-fin- 
ish 31, and a flat weighted plate 32 are used. 

A thermosetting resin as a sealing resin con- 

25 tained in the sealing resin sheet 20 is melted by heat- 
ing and is cured by further heating. Curing is caused 
by the following mechanism: 

When the molten resin is further heated, a cross- 
linking agent contained in the molten resin generates 

30 a radical. The radical thus generated chemically com- 
bines each linear molecule so as to form a three- 
dimensional network structure. It is preferred that the 
cured resin is satisfactorily adhered to the cavities 12 
and functional elements therein. Examples of the 

35 thermosetting resins include B-staged epoxy resins, 
modified polyolef ins, high molecular weight unsatu- 
rated polyester resins and modified resins thereof, 
and modified phenoxy resins. (A B-staged resin has 
been melted by heating and cured by further heating, 

40 but has not been completely cured.) 

Examples of the modified polyolefins include 
polyolefin type copolymers such as ethylene vinyl 
acetate copolymer (EVA), ethylene-methacrylic acid 
copolymer (EMAA), and ethylene-ethyl acrylate co- 

45 polymer (EEA). In particular, EVA and EMAA are pre- 
ferred. The preferred monomer composition ratio of 
the copolymers vary depending upon the kind of the 
polymers; for example, in the case of EVA, the content 
of vinyl acetate is preferably in the range of 15 to 40 

50 % by weight, and more preferably in the range of 25 
to 30 % by weight. When the content of vinyl acetate 
is less than 15 % by weight, the crystallinity of EVA 
becomes too high, so that the transparency of the res- 
in after being cured is insufficient. When the content 

55 of vinyl acetate is more than 40 % by weight, the crys- 
tallinity of EVA becomes too low, so that the elastic 
modulus and hardness of the resin after being cured 
are insufficient. 
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The high molecular weight unsaturated polyester 
resin refers to unsaturated polyesters having a num- 
ber average molecular weight of 5000 or more. Such 
unsaturated polyesters can be obtained by conden- 
sation polymerization of an unsaturated polybasic 
acid, a saturated polybasic acid, and glycols. Exam- 
ples of the unsaturated polybasic acid include maleic 
anhydride, fumaric anhydride, itaconic anhydride, 
and citraconic anhydride. Examples of the saturated 
polybasic acid include phthalic anhydride, isophthalic 
acid, terephthalic acid, adipic acid, sebacic acid, tet- 
rahydrophthalic anhydride, methyltetrahydrophthalic 
anhydride, endomethylenetetrahydrophthalic an- 
hydride, chlorendic acid, and tetrabromophthalic an- 
hydride. Examples of the glycols include ethylene gly- 
col, propylene glycol, diethylene glycol, dipropylene 
glycol, neopentyl glycol, 1,3-butanediol, 1,6-hexane- 
diol, 1,4-cyclohexanedimethanol , 3-methyl-1 ,5-pen- 
tanediol, hydrogenated bisphenol A, bisphenol A pro- 
pylene oxide compounds, and dibromoneopentyl gly- 
col. Examples of the modified unsaturated polyesters 
include unsaturated polyesters having an acryl por- 
tion at a molecular terminal. 

The modified phenoxy resin refers to modified 
phenoxy resins having an unsaturated portion at a 
side chain, obtained by the reaction between phe- 
noxy resin and unsaturated isocyanate. 

The thermoplastic resin as a sealing resin con- 
tained in the sealing resin sheet 20 is melted by heat- 
ing and solidified by cooling. It is preferred that the 
solidified thermoplastic resin is satisfactorily adhered 
to the cavities and functional elements therein. As the 
thermoplastic resin, an ethylene copolymer is prefer- 
red in terms of general versatility and heat resistance. 
In particular, EVA and EMAAare preferred. It is pre- 
ferred that the thermoplastic resin is used with an or- 
ganic peroxide so as to be three-dimensionally cross- 
linked. 

It is preferred that the thermosetting resin or the 
thermoplastic resin is selected depending upon a pur- 
pose of use. For example, modified polyolefins have 
low elastic modulus after being cured and relatively 
small hardness, so that it is not likely to scratch the 
functional elements. Thus, the modified polyolefins 
are preferably used for sealing the periphery of the 
functional elements. As another example, EVA has 
outstanding transparency after cured, so that it is pre- 
ferably used for sealing the LEDsand photoreceptors. 
In still another example, the elastic modulus and 
hardness of unsaturated polyesters and modified 
phenoxy resins after being cured can be readily regu- 
lated by being prepared varying the composition ratio 
of each component; therefore, they are preferably 
used not onlyfor sealing the periphery of the function- 
al elements susceptible to scratching, which requires 
low elastic modulus and low hardness, but also for 
sealing the upper face of the cavity requiring high 
elastic modulus and high hardness. 



If required, additives such as a cross-linking 
agent, e.g., allyl polyester resin; a curing agent, e.g., 
organic peroxides; a yellowing-preventive, e.g., an 
antioxidant, UV light absorbent; a stabilizer, e.g., a 

5 heat stabilizer containing phenol or phosphorus; and 
a coupling agent can be added to the above- 
mentioned resins. These additives are generally add- 
ed to the resins while being kneaded. 

Furthermore, it is preferred that the above- 

10 mentioned thermosatting resins or thermoplastic res- 
ins have outstanding heat resistance after being 
cured or solidified. More specifically, it is preferred 
that these resins have heat resistance which does not 
allow the resins to decompose, deteriorate, etc. even 

15 after heating at 260°C for 1 0 seconds. In order to pro- 
vide such heat resistance to the resins, various kinds 
of additives other than those described above can be 
used. 

The thermosetting resins or thermoplastic resins 

20 are formed into sheets with a desired thickness by 
calendaring, extrusion, compression molding, sol- 
vent casting, etc. to give sealing resin sheets. Such 
a sealing resin sheet is cut into a desired size; that is, 
the sealing resin sheet is cut into a size almost the 

25 same as that of the multi-cavity circuit board 10 so as 
to cover all of the cavities 12. 

The thickness of the sealing resin sheet 20 is pre- 
ferably slightly smaller than the depth of each cavity 
12. The depth of each cavity 12 is required to be very 

30 small depending upon a purpose of use; in such a 
case, it is preferred that the sealing resin sheet 20 can 
be formed so as to have a thickness of only about 0.2 
mm. Furthermore, the thickness of the sheet is pre- 
ferably uniform. In the case where the thickness of 

35 the sealing resin sheet 20 is too large, molten resin re- 
mains on the surface portion of the multi-cavity circuit 
board 10 other than the respective cavities 12 at a 
time when the sealing resin is completely melted. If 
the molten resin remaining on the surface of the multi- 

40 cavity circuit board 10 is cured or solidified, light emit- 
ted from the LEDs 13 is scattered by the cured or sol- 
idified sealing resin on the surface of the multi-cavity 
circuit board 10 in the resultant light-emitting device. 
As a result, the light-emitting device will have de- 

45 creased quality. On the other hand, in the case where 
the thickness of the sealing resin sheet 20 is slightly 
smaller than the depth of the cavities 12, the molten 
resin remaining on the surface of the mulfi-cavity cir- 
cuit board 10 on the periphery of each cavity 12 flows 

50 into each cavity 1 2, whereby all of the cavities 1 2 are 
almost completely filled with the molten resin. For ex- 
ample, in the present example using the cavities 12 
having a depth of 0.6 mm, the thickness of the sealing 
resin sheet 20 is about 0.2 to 0.4 mm. 

55 The sealing resin sheet 20 preferably has flexibil- 

ity. In the case where the flexibility is not sufficient, 
the sealing resin sheet 20 has cracks or fractures. 
In the present example, as the sealing resin sheet 
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20, a sheet (EVASAFEWG series, manufactured by 
Bridgestone Corporation) containing EVA as its main 
component is used. 

The peeling sheetfor surface-finish 31 is used for 
the purpose of finishing the surface of the sealing res- 
in 21 after cured to desired states (e.g., matte state, 
mirror state), and the surface of the peeling sheet 31 
in contact with the sealing resin sheet 20 has a matte 
state, a mirror state, etc. Examples of materials used 
for the peeling sheet for surface-finish 31 include a 
silicone PET (polyethyleneterephtalate) (i.e., PET 
substrates coated with silicone for release), paper im- 
pregnated with silicone for release. These materials 
are molded into sheets and then surface-processed 
so as to be a desired surface state. 

Hereinafter, the case where the sealing resin 
sheet 20 containing a thermosetting resin is used will 
be described. 

As shown in Figure 3A, a sealing resin sheet 20, 
a peeling sheet for surface-finish 31, and a flat 
weighted plate 32 are placed on a multi-cavity circuit 
board 10 in this order. Then, as shown in Figure 3B, 
the multi-cavity circuit board 10 provided with the 
sealing resin sheet 20, the peeling sheet for surface- 
finish 31, and the flat weighted plate 32 is placed and 
heated in a vacuum oven 33. 

The multi-cavity circuit board 10 provided with 
the sealing resin sheet 20, the peeling sheet for sur- 
face-finish 31 , and the flat weighted plate 32 is heated 
under vacuum In the vacuum oven 33. More specifi- 
cally, the sealing resin sheet 20 and the peeling sheet 
for surface-finish 31 on the multi-cavity circuit board 
10 come into contact with each other by a vacuum 
state in the vacuum oven 33, and heated under the 
condition that the sealing resin sheet 20 is in close 
contact with the peeling sheet for surface-finish 31 by 
being pressurized with the flat weighted plate 32. 

As shown in Figure 4A, the sealing resin sheet 20 
keeps a sheet shape immediately after being placed 
in the vacuum oven 33. When the sealing resin sheet 
20 is heated in the vacuum oven 33, as shown in Fig- 
ure 4B, it starts melting to be come curved. There- 
after, as shown in Figure 4C, the molten resin fills 
each cavity 12. When heated in the vacuum oven 33, 
the sealing resin sheet 20 is pressed by the flat 
weighted plate 32; therefore, there is no possibility 
that the molten resin nonuniformly fills each cavity 12 
by elastic force of the resin while melting. Thus, the 
molten resin uniformly fills each cavity 12. 

The heating temperature is preferably in the 
range of 90 to 1 00°C. The vacuum degree is prefer- 
ably in the range of 0 to 1 0 Torr, and more preferably 
in the range of 0 to 5 Torr. The heating time is prefer- 
ably in the range of 30 to 60 minutes. In the present 
example, the experiment was conducted at a heating 
temperature of 90 °C and a vacuum degree of 3 Torr, 
and it took about 30 minutes for the sealing resin to 
completely fill each cavity 12. 



At a time when the sealing resin sheet 20 is melt- 
ed and fills each cavity 12, the vacuum oven 33 is re- 
heated to 150°G. At the initial stage of re-heating, the 
viscosity of the molten resin is decreased, so that the 

5 molten resin remaining on the surface of the multi- 
cavity circuit board 10, other than each cavity 12, 
flows into each nearby cavity 12. In this manner, all 
of the molten resin on the surface of the multi-cavity 
circuit board 10 flows into each cavity 12. Thus, the 

10 molten resin does not remain on the surface of the cir- 
cuit board 10, and each cavity 12 is almost completely 
filled with the molten resin irrespective of whether the 
thickness of the sealing resin sheet 20 is smaller than 
the depth of each cavity 12. 

15 The molten resin almost filling each cavity 12 is 

cross-linked and cured by being further heated. At 
this time, in the case where the molten resin is cured 
by radical reaction using an organic peroxide as a 
cross-linking agent, although the heating tempera- 

20 ture depends upon the decomposition temperature of 
the organic peroxide, the heating temperature is pre- 
ferably in the range of 120 to 1 60 °C ; the heating time 
is in the range of 20 to 60 minutes. In the present ex- 
ample, the experi ment was conducted at temperature 

25 of 1 50°C, and it took about 30 minutes for the molten 
resin in each cavity 12 to be cross-linked and cured 
by being further heated. 

As shown in Figure 3C, after the molten resin is 
cured, the multi-cavity circuit board 10, the peeling 

30 sheet for surface-finish 31, and the flat weighted 
plate 32 are taken out of the vacuum oven 33, and the 
flat weighted plate 32 and the peeling sheet for sur- 
face-finish 31 are successively detached from the 
multi-cavity circuit board 10. Thus, the multi-cavity 

35 circuit board 10 with the LED 13 in each cavity 12 
sealed with the sealing resin 21 is obtained. Since the 
peeling sheet for surface-finish 31 is pressed by the 
flat weighted plate 32 while the sealing resin 21 is 
cured, the surface of the sealing resin 21 is finished 

40 to a desired state (e.g., mirror state, matte state) in ac- 
cordance with the state of the surface of the molding 
peeling sheet 31 in contact with the sealing resin 21. 

In the case of using the sealing resin sheet 21 
containing a thermoplastic resin instead of a thermo- 

45 setting resin, re-heating is not required unlike the 
case where a sheet containing a thermosatting resin 
is used. That is, the molten resin is filled in each cavity 
12 by heating, followed by being forcibly cooled or al- 
lowed to be cooled, whereby the molten resin is soli- 

50 dif ied to seal the LEDs 13. In this case, the heating 
temperature is preferably in the range of 90 to 100**C 
The vacuum degree is preferably in the range of 0 to 
1 0 Torr. The heating time is preferably in the range of 
30 to 60 minutes. 

55 After the LED 13 in each cavity 12 is sealed with 

the sealing resin 21, as shown in Figure 5, the multi- 
cavity circuit board 10 is divided into the respective 
cavities 12, whereby a number of light-emitting devic- 
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es with the LED 13 in the cavity 12 sealed with the 
sealing resin 21 is obtained. 

By using the multi-cavity circuit board 10 with the 
LEDs 13 in the respective cavities 12 electrically con- 
nected to each other, a dot-matrix type light-emitting 
display device, in which a number of LEDs disposed 
in a matrix are sealed with the sealing resin, can be 
obtained. 

Alternatively, each cavity 12 can be filled with the 
sealing resin without using the flat weighted plate 32. 
Referring to Figure 6, this method will be described. 

According to this method, the sealing resin sheet 
20 is pressed against the multi-cavity circuit board 10 
by using two vacuum chambers separated by a rub- 
ber diaphragm 43. A vacuum heating apparatus 40 
has an upper chamber 41 and a lower chamber 42 in- 
sulated with a rubber diaphragm 43, so that the upper 
chamber 41 and the lower chamber 42 are indepen- 
dently vacuumized. The lower chamber 42 has a 
heating plate 44 on which the multi-cavity circuit 
board 10, the sealing resin sheet 20, and the peeling 
sheet for surface-finish 31 are placed in this order. 

When the multi-cavity circuit board 10, the seal- 
ing resin sheet 20, and the peeling sheet for surface- 
finish 31 are placed on the heating plate 44, the upper 
chamber 41 and the lower chamber 42 are vacuum- 
ized and the heating plate 44 is heated, whereby the 
sealing resin sheet 20 is melted. Then, while keeping 
a vacuum state in the lower chamber 42, the inside of 
the upper chamber 41 is exposed to the air, whereby 
the diaphragm rubber 43 is pressed by air pressure in 
the upper chamber 41 and the peeling sheet for sur- 
face-finish 31 is pressed against the multi-cavity cir- 
cuit board 10 under vacuum. Thus, the surface of the 
sealing resin is formed into a desired state (e,g., mir- 
ror state, matte state) without air bubbles being mixed 
with the molten resin. According to this method, melt- 
ing, filling, and curing of the sealing resin can be con- 
ducted in the apparatus. As the apparatus having two 
vacuum chambers, for example, "Vacuum Laminator" 
manufactured by NPC Corp. is available. 

The heating temperature (i.e., temperature of the 
heating plate 44) according to this method is prefer- 
ably in the range of 1 20 to 1 35 °C. The vacuum degree 
of the lower chamber 42 is preferably in the range of 
0 to 5 Torr. The pressing time by the diaphragm rubber 
43 is preferably in the range of 3 to 1 0 minutes. 

Alternatively, each cavity can be filled with the 
sealing resin by using a vacuum suction sack. As 
shown in Figure 7A, a sealing resin sheet 20 and a 
peeling sheet for surface-finish 31 are placed on mul- 
ti-cavity circuit board 10 and are accommodated in a 
heat-resistant vacuum suction sack 38a. As shown in 
Figure 7B, one end of a tube 38b is connected to an 
opening of the vacuum suction sack 38a under air- 
tight conditions. Then, as shown in Figure 7C, the va- 
cuum suction sack 38a containing the multi-cavity cir- 
cuit board 10, the sealing resin sheet 20, and the peel- 



ing sheet for surface-finish 31 is placed in an oven 
38c and is heated while vacuumized with a vacuum 
pump 38d. By vacuumizing the vacuum suction sack 
38a, the surface of the sealing resin can be formed 

5 into a desired state (e.g., mirror state, matte state) 
without air bubbles being mixed with the molten resin. 

The heating temperature (i.e., temperature of the 
oven 38c) according to this method is preferably in 
the range of 90 to 110°C. The suction time (i.e., press- 

10 ing time) of the vacuum suction sack 38a is preferably 
in the range of 20 to 30 minutes. 

In addition, as shown in Figures 8A to 8C, each 
cavity 12 may have a pair of through holes 12a. The 
through holes 12a allow the air in each cavity 12 to be 

15 easily discharged, so that the air bubbles can be pre- 
vented from being mixed in the inside of the molten 
resin. Furthermore, the contact property between the 
sealing resin 21 and the inner peripheral surface of 
each cavity 12 is enhanced. 

20 In the case of providing the through holes 12a, 

the molten resin can be prevented from flowing out of 
the through holes 12a by appropriately setting the 
size of the through holes 12a and the viscosity of the 
molten resin. For example, as shown in Figures 8A to 

25 8C, in the case where an opening of each cavity 12 
is a 3.0 X 1.8 mm rectangle, a bottom portion of each 
cavity 12 is a 2.2 x 0.6 mm rectangle, each cavity 12 
has a depth of 0.7 mm, and the bottom portion of each 
cavity 12 protrude, by 0.4 mm downward from the 

30 opening thereof, a pair of through hales12a in a 0.4 
mm X 0.6 mm rectangular shape are provided at each 
end of the bottom portion of each cavity 12 in the 
longitudinal direction so as to be spaced by 1.4 mm 
from each other In this manner, the molten resin does 

35 not flow out of each through hole 12a. 

Preferably, a sheet, a plate, or the like having an 
outstanding peeling property can be placed under the 
multi-cavity circuit board 10. By placing the sheet, the 
plate, or the like having an outstanding peeling prop- 

40 erty, even if the molten resin flows out of the through 
holes 12a, the multi-cavity circuit board 10 does not 
come into direct contact with a place such as an oven 
where the multi-cavity circuit board 10 is to be placed; 
thus, the multi-cavity circuit board 10 is not adhered 

45 to the place with the molten resin. Thus, the multi-cav- 
ity circuit board 10 can be easily taken out of the ovon 
or the like. 

The through holes 12a provided in each cavity 12 
are not limited to a pair of holes. As shown in Figure 
50 9A, one though hole 12a can be provided in each cav- 
ity 12. 

The through hole 12a can be provided at the side 
portion of each cavity 12 instead of the bottom portion 
thereof. 

55 A desired shape such as a circle and a triangle 

can be selected as the cross-section of each through 
hole 12a, in addition to a rectangle. 

Furthermore, as shown in Figure 9B, a through 
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hole 20a can be provided in a portion of the sealing 
resin sheet 20 opposing to each cavity 12, instead of 
providing through holes 12a in each cavity. As in the 
case where the through holes 12a are provided in 
each cavity 12, the air is easily discharged fronn each 
cavity 12 through the through hole 20a, so that the 
molten resin can be prevented fronn being mixed with 
air bubbles. Furthermore, the contact property be- 
tween the sealing resin 21 and the inner peripheral 
surface of each cavity 12 is enhanced. 

In the case of using modified polyolef ins contain- 
ing a cross-linking agent made of an organic peroxide 
as the sealing resin sheet 20, there is a possibility that 
the molten resin is cured too quickly to sufficiently fill 
each cavity 12. However, by adopting the filling meth- 
ods as described in the respective examples, each 
cavity 12 can be uniformly and completely filled with 
the sealing resin. 

Another preferred example of method for produc- 
ing a semiconductor device according to the present 
invention will be described. In the present example, a 
sealing resin sheet having low elastic modulus and a 
sealing resin sheet having high elastic modulus are 
used. Figures 10A to IOC schematically show the 
steps of filling each cavity 12 with a sealing resin 21. 

A thermosetting resin used for the sealing resin 
sheet 23 having low elastic modulus is melted by 
heating and is cured by further heating, and has low 
elastic modulus and low hardness after being cured. 
Athenmosetting resin used for the sealing resin sheet 
24 having high elastic modulus is nnelted by heating 
and is cured by further heating, and has high elastic 
modulus and high hardness after being cured. The 
above-mentioned high molecular weight unsaturated 
polyester and modified phenoxy resin can be prefer- 
ably used as any of the above-mentioned thermoset- 
ting resins, by being prepared varying the composi- 
tion ratio of each component That is, by optionally se- 
lecting glycols and acids in polymerization, and addi- 
tives, polyester having a desired elastic modulus can 
be obtained. For example, in the case of the high mo- 
lecular weight unsaturated polyester, a copolymer of 
propylene glycol and maleic acid, to which an allyl 
polyester obtained by using neopentyl glycol is added 
as a cross-linking agent, can be used for the sealing 
resin sheet 24 having high elastic modulus, and co- 
polymer of 3-methyl pentanediol and terephthalic 
acid, to which an allyl polyester obtained by using 
nonamehylene glycol is added as a cross-linking 
agent, can be used for the sealing resin sheet 23 hav- 
ing low elastic modulus. 

The thermoplastic resin used for the sealing resin 
sheet 23 having low elastic modulus is melted by 
heating and solidified by cooling, and has low elastic 
modulus and low hardness after solidification. Exam- 
ples of the thermoplastic resin used for the sealing 
resin sheet 23 include EVA containing 30% by weight 
of vinyl acetate. The thermoplastic resin used for the 



sealing resin sheet 24 having high elastic modulus is 
melted by heating and solidified by cooling, and has 
high elastic - modulus and high hardness after solidi- 
fication. Examples of the thermoplastic resin used for 

5 the sealing resin sheet 24 include EVA containing 
20% by weight of vinyl acetate. 

Various additives can be added to the above- 
mentioned thermosetting resins or thermoplastic res- 
ins. The thermosetting resin or the thermoplastic res- 

10 in is molded so as to have desired thickness and is cut 
into a desired size; that is, the resin sheet is cut into 
a size almost the same as that of the multi-cavity cir- 
cuit board 10 so as to cover all of the cavities 12. 
Thus, the resulting cut resin sheet is used as the seal- 
is ing resin sheet 23 having low elastic modulus or the 
sealing resin 24 having high elastic modulus. 

It is preferred that the thickness of the sealing 
resin sheet 23 having low elastic modulus is slightly 
smaller than the depth of each cavity. The thickness 

20 of the sealing resin sheet 24 having high elastic mod- 
ulus can be varied depending upon the thickness of 
the sealing resin sheet 23 having low elastic modulus. 
For example, in the present example, the depth of 
each cavity is 0.6 mm, the thickness of the sealing 

25 resin sheet 23 having low elastic modulus is 0.5 mm, 
and the thickness of the sealing resin sheet 24 having 
high elastic modulus is 0.1 mm . 

In the present example, a sealing resin sheet 
( Biolex Sheet, manufactured by Showa Highpolymer 

30 Co., Ltd.) containing a high molecular weight unsatu- 
rated polyester which comprises 5 mol% of neopentyl 
glycol, 5 mole of 1,3-dimethylpropanediol, 3 mol% of 
isophthalic acid, and 7 mol% of fumaric acid is used 
as the sealing resin sheet 23 having low elastic mod- 

35 ulus; a sealing resin sheet (Biolex Sheet, manufac- 
tured by Showa Highpolymer Co., Ltd. ) containing a 
high molecular weight unsaturated polyester which 
comprises 10 mol% of 2,2-dimethyl propanediol, 9 
mol% of isophthalic acid, and 1 mol% of maleic an- 

40 hydride is used as the sealing resin sheet 24 having 
high elastic modulus. As a cross-linking agent, 30 to 
50% by weight of an allyl ester and as a curing agent, 
about 0.5% by weight of t- butyl perbenzoate are add- 
ed to any of the sheets. 

45 As shown in Figure 10A, the sealing resin sheet 

23 having low elastic modulus, the sealing resin sheet 

24 having high elastic modulus, and a peeling sheet 
for surface-finish 31 are provided on a multi-cavity 
circuit board 10 in this order. Then, the multi-cavity 

50 circuit board 10 provided with the sealing resin sheet 

23 having low elastic modulus, the sealing resin sheet 

24 having high elastic modulus, and the peeling sheet 
for surface-finish 31 is placed in a vacuum heat 
pressing apparatus 35. 

55 As shown in Figure 10B, the vacuum heat press- 

ing apparatus 35 has a heatable heater plate 35a dis- 
posed in a vacuum chamber 35c and a heatable press 
heater 35b positioned above the heater plate 35a so 
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as to come into contact with the heater plate 35a by 
nnoving in a vertical direction. The multi-cavity circuit 
board 10 provided with the sealing resin sheet 23 hav- 
ing low elastic modulus, the sealing resin sheet 24 
having high elastic modulus, and the peeling sheetfor 
surface-finish 31 is placed on the heater plate 35a. As 
the vacuum heat pressing apparatus 35, for example, 
"Vacuum layered plate press" manufactured by Kita- 
gawa Seimitsu is used. 

As shown in Figure 10C, when the multi-cavity 
circuit board 10 provided with the sealing resin sheet 

23 having low elastic modulus, the sealing resin sheet 

24 having high elastic modulus, and the peeling sheet 
for surface-finish 31 is placed on the heater plate 35a, 
and the press heater 35b is heated to predetermined 
temperature, a vacuum chamber 35c is vacuumized. 
The heated press heater 35b is lowered under va- 
cuum so as to heat-press the multi-cavity circuit 
board 1 0 on the heater plate 35a for a predetermined 
period of time. After a predetermined period of time, 
the inside of the vacuum chamber 35c is brought back 
to an ordinary pressure by removing a vacuum state 
therefrom. Then, the multi-cavity circuit board 10 is 
released from the pressure of the press heater 35b, 
whereby vacuum heat pressing is completed. The va- 
cuum degree during vacuum heat pressing is prefer- 
ably in the range of 5 to 20 Torr, and more preferably 
in the range of 5 to 10 Torr. The heating temperature 
(i.e., temperature of the press heater 35b) during va- 
cuum heat pressing is preferably in the range of 100 
to 150°C, and more preferably in the range of 120 to 
1 50 °C. The pressure during vacuum heat pressing is 
preferably in the range of 20 to 30 kg/cm^. Although 
the heat pressing time varies depending on the heat- 
ing temperature, the heat pressing time is preferably 
in the range of 5 to 15 minutes. In the present exam- 
ple, only the press heater 35b is heated during va- 
cuum heat pressing; if required, the heater plate 35a 
and the press heater 35b can be heated together or 
only the heater plate 35a can be heated. 

The sealing resin sheet 23 having low elastic 
modulus and the sealing resin sheet 24 having high 
elastic modulus are melted by heat pressing in the va- 
cuum heat pressing apparatus 35, and each cavity 12 
is filled with molten resin and the molten resin is 
cross-linked to be cured. 

In the above-mentioned case, a release agent 
can be sprayed directly onto the surface of the press 
heater 35b without using the peeling sheet for sur- 
face-finish 31. 

The sealing resin sheet 23 having low elastic 
modulus and the sealing resin sheet 24 having high 
elastic modulus on the multi-cavity circuit board 10 
are cross-linked to be cured by vacuum heat pressing 
using the vacuum heat pressing apparatus 35. As a 
result, a bottom portion of each cavity 12 is filled with 
the sealing resin having low elastic modulus and a up- 
per surface portion of each cavity 12 is filled with 



sealing resin having high elastic modulus. 

After the LED 13 in each cavity 12 is sealed with 
the sealing resin 21, the multi-cavity circuit board 10 
is divided into the respective cavities 12; as a result, 
5 a number of light-emitting devices with the LED 13 in 
the cavity 12 sealed with the sealing resin 21 can be 
obtained. 

In such light-emitting devices, the LED in the cav- 
ity is sealed with the sealing resin having low elastic 

10 modulus and low hardness, so that the LED itself is 
protected without being scratched. Furthermore, 
since the upper surface portion of the cavity is sealed 
with the sealing resin having high elastic modulus and 
high hardness, the surface of the sealing resin in the 

15 upper surface portion is not likely to be scratched, 
even when the light-emitting devices are brought into 
contact with components while being disposed in 
equipment. Thus, the light-emitting devices have 
very outstanding quality. 

20 Still another example of a method for producing 

a semiconductor device according to the present in- 
vention will be described. In the present example, a 
sealing resin sheet having low elastic modulus and a 
sealing resin sheet for molding a lens are used Fig- 

25 ures 11A to 11C schematically show the steps of fill- 
ing a sealing resin 21 into each cavity 12. Figure 12 
is a cross-sectional view of main portions of vacuum 
heat pressing apparatus used in the present example. 
Among the above-mentioned thermosetting res- 

30 ins or thermoplastic resins, those having light trans- 
parency after being cured can be used for resin sheet 
25 for molding a lens, and the resin sheet 25 for mold- 
ing a lens can be obtained in the same way as in the 
above. In the present example, as the resin sheet 25 

35 for molding a lens, the above-mentioned sheets hav- 
ing high elastic modulus, and the sheet containing 
high molecular weight polyester which comprises 7 
mol% of neopentyl glycol, 3 mol% of propylene glycol, 
5 mol% of dimethylterephthalate, and 5 mol% of 

40 maleic anhydride can be used. 

It is preferred that the thickness of the sealing 
resin sheet 23 having low elastic modulus is slightly 
smaller than the depth of each cavity 12. The thick- 
ness of the resin sheet 25 for molding a lens is pre- 

45 ferably larger than a radius of mold for molding lens 
described later. By setting the respective thickness, 
air bubbles can be completely removed from the mol- 
ten resin while molding a lens. For example, in the 
present example, the depth of each cavity 12 is 0.6 

50 mm, the radius of the mold for molding lens is 0.9 mm, 
the thickness of the sealing resin sheet 23 having low 
elastic modulus is 0.5 mm, and the thickness of the 
resin sheet 25 for molding lens is 1 .0 mm. 

As shown in Figure 11A, the sealing resin sheet 

55 23 having low elastic modulus and the resin sheet 25 
for molding a lens are provided on the multi-cavity cir- 
cuit board 10 in this order. Then, as shown in Figure 
11B, the multi-cavity circuit board 10 provided with 
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the sealing resin sheet 23 having low elastic modulus 
and the resin sheet 25 for molding a lens is placed in 
a vacuum heat pressing apparatus 35. 

As shown in Figure 12, the vacuum heat pressing 
apparatus 35 has a mold 35d for molding a lens at- 5 
tached to the lower side of a press heater 35b. The 
mold 35d for molding a lens has a plurality of groove 
portions 35e for molding in a semicylindrical shape, 
which are formed along the cavities 12 arranged in a 
line on the multi-cavity circuit board 1 0. The mold 35d io 
for molding a lens is not necessarily attached to the 
press heater 35b, and can be placed on the resin 
sheet 25 for molding a lens. 

The radius of the groove portions 35e for molding 
In a semicylindrical shape is varied depending upon 15 
a purpose of use. In the present example, the radius 
is 0.9 mm. 

As shown in Figure 11C, when the multi-cavity 
circuit board 10 is placed on the heater plate 35a, and 
the press heater 35b is heated to a predetermined 20 
temperature, a vacuum chamber 35c is vacuumized. 
The press heater 35b is lowered under vacuum so as 
to heat-press the multi-cavity circuit board 10 on the 
heater plate 35a for a predetermined period of time. 
After a predetermined period of time, the inside of the 25 
vacuum chamber 35c is brought back to an ordinary 
pressure by removing a vacuum state therefrom. 
Then, the multi-cavity circuit board 10 is released 
from the pressure of the press heater 35b, whereby 
vacuum heat pressing is completed. The vacuum de- 30 
gree during vacuum heat pressing is preferably in the 
range of 5 to 20 Torr, and more preferably in the range 
of 5 to 10 Torr. The heating temperature (i.e., temper- 
ature of the press heater 35b) during vacuum heat 
pressing is preferably in the range of 100 to 150°C, 35 
and more preferably in the range of 120 to 150°C. The 
pressure during vacuum heat pressing is preferably in 
the range of 20 to 30 kg/cm^. The heat pressing time 
is preferably in the range of 5 to 15 minutes. In the 
present example, only the press heater 35b is heated 40 
during vacuum heat pressing; if required, the heater 
plate 35a and the press heater 35b can be heated to- 
gether or only the heater plate 35a can be heated. 

The sealing resin sheet 23 having low elastic 
modulus is melted, and molten resin is filled in each 45 
cavity 12 and cross-linked to be cured by heat press- 
ing in the vacuum heat pressing apparatus 35. The 
resin sheet 25 for molding a lens is molded into a pre- 
determined semicylindrical shape on the multi-cavity 
circuit board 10. Thus, as shown in Figure 13A, a light- so 
emitting device having the multi-cavity circuit board 
10, on which a plurality of rod lenses 25a in a semi- 
cylindrical shape are formed, is obtained. Each cavity 
12 is filled with the sealing resin having low elastic 
modulus. 55 

Then, the multi-cavity circuit board 10 is divided 
into the respective cavities 12. As shown in Figure 
13B, light-emitting devices are provided, in which the 



LED 13 disposed in the cavity 12 of the circuit board 
11 is sealed with the sealing resin 23a having low 
elastic modulus and the rod lens 25a in a semicylind- 
rical shape is provided over the sealing resin 23a hav- 
ing low elastic modulus. 

Furthermore, in the present example, as shown 
in Figure 14A, a convex lens 25b in a semicircular 
shape, instead of the rod lens 25a in a semicylindrical 
shape, can be formed overeach cavity 12 of the multi- 
cavity circuit board 10. In this case, as shown in Fig- 
ure 14B, the multi-cavity circuit board 10 is divided 
into the respective cavities 12, whereby light-emitting 
devices in which the LED 13 disposed in the cavity 12 
of the circuit board 11 is sealed with the sealing resin 
23a having low elastic modulus over which the con- 
vex lens 25b is formed in a semicircular shape can be 
obtained. 

Another preferred example of a method for pro- 
ducing a semiconductor device according to the pres- 
ent invention will be described. 

In the present example, resin powders are used 
as a sealing resin. Figure 15A to 15D schematically 
show the steps of filling each cavity 12with resin pow- 
ders 22. 

As the resin powders 22, any of the above- 
mentioned thermosetting resins or thermoplastic res- 
ins can be used. These resins can be pulverized to an 
average particle size of 6 to 7 ^m by an air grinding 
method or a knead grinding method. 

As shown in Figure 15A, the resin powders are 
sprinkled over the entire surface of the multi-cavity 
circuit board 10. As a result, as shown in Figure 15B, 
the entire surface of the multi-cavity circuit board 10 
is covered with the resin powders 22. Then, as shown 
in Figure 15C, the surface of the multi-cavity circuit 
board 10 is swept with a squeegee 36, whereby the 
resin powders 22 fill each cavity 12 of the multi-cavity 
circuit board 10 while excess resin powders 22 are re- 
moved. Each cavity 12 is completely filled with the 
resin powders 22. Then, as shown in Figure 15D, the 
multi-cavity circuit board 10 with each cavity 12 filled 
with the resin powders 22 is placed in a vacuum oven 
37 and heated under vacuum. This vacuum heating 
melts the resin powders and deaerates the molten 
resin. 

The heating temperature is preferably in the 
range of 100 to 130°C. The vacuum degree is prefer- 
ably in the range of 0 to 10 Torr, and more preferably 
in the range of 0 to 5 Torr In the present example, the 
experiment is conducted at a heating temperature of 
1 20 °C and a vacuum degree of 3 Torr. 

In the case where the resin powders 22 are made 
of a thermosetting resin, by further heating the va- 
cuum oven 37 at time when the resin powders 22 are 
melted, the molten resin is cured, resulting in the mul- 
ti-cavity circuit board 10 sealed with the sealing resin. 
The temperature for further heating the vacuum oven 
37 is preferably in the range of 1 30 to 1 SO^'C The time 
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for further heating the vacuum oven 37 is preferably 
in the range of 30 to 60 minutes. In the present exam- 
ple, the vacuum oven 37 is further heated at 150°C 
and it tal^es about 30 minutes for the molten resin in 
each cavity 12 to be cross-linked to be cured. 

The multi-cavity circuit board 10 is divided into 
the respective cavities 12, whereby a number of light- 
emitting devices with the LED 13 in each cavity 12 
sealed with the sealing resin 21 are obtained as 
shown in Figure 16. 

The particle size of the resin powders 22 is pre- 
ferably as fine as possible. More specifically, the par- 
ticle size is preferably 20 |j,m or less, and more pre- 
ferably 7 ^m or less. When the particle size exceeds 
20 [m, the decrease in volume of the resin powders 
due to melting is large, so that the upper face of the 
cured sealing resin becomes slightly concave. In or- 
der to compensate the decrease in volume of the resin 
powders due to melting, the resin powders can be re- 
filled in each cavity 12 after the resin powders In each 
cavity 12 are melted. 

The present invention can be applied to methods 
other than those for producing micro light-emitting de- 
vices with a reflective plate. As representative exam- 
ples, the cases where the present invention is applied 
to photointerrupter and leadless IC will be described. 

Figure 17A is an external perspective view of a 
photointerrupter produced by a method for producing 
a semiconductor device according to the present in- 
vention. A photointerrupter 70 has a pair of cavities 72 
and 73 provided in a board 71. LEDs 74 and photore- 
ceptors 75 are respectively mounted in the cavities 72 
and 73 so as to be sealed therein with the sealing res- 
ins 76 and 77. 

In the case where such a photointerrupter is pro- 
duced, as shown in Figure 17B, a multi-cavity circuit 
board 79 with a number of paired cavities 72 and 73 
arranged in a matrix is covered with a sealing resin 
sheet 78, and each cavity is filled with a sealing resin 
and the sealing resin is cured. All of the above- 
mentioned methods can be applied to the filling and 
curing of the sealing resin. Then, as shown in Figure 
17C, the multi-cavity circuit board 79 is divided on a 
basis of a pair of cavities 72 and 73, whereby a num- 
ber of photointerrupters 70 as shown in Figure 17A 
are produced. 

Figures 1 8A to 1 8C schematically show the steps 
of producing leadless IC 80 in a method for producing 
a semiconductor device according to the present in- 
vention. As shown in Figure 18A, a sealing resin sheet 
84 is placed on a leadless board 81 with an IC chip 
83 mounted in a cavity 82. As shown in Figure 18B, 
a sealing resin is filled and cured in the cavity 82 by 
using the leadless board 81 on which the sealing resin 
sheet 84 is placed. All of the above-mentioned meth- 
ods can be applied to the filling and curing the sealing 
resin. In this way, as shown in Figure 180, a leadless 
IC 80 with the IC chip 83 sealed with the sealing resin 



85 can be produced. 

Light transparency is required of the sealing resin 
which seal LEDs, photoreceptors, etc.; however, light 
transparency is not required of sealing resins which 

5 seal functional elements such as leadlees ICs as 
shown in Figure 180. 

Referring to Figures 19A to 19E, 20, 21A, and 
21 B; still another preferred example of a method for 
producing a semiconductor device according to the 

10 present invention will be described. In the present ex- 
ample, a flat circuit board is used instead of a multi- 
cavity circuit board. 

Any of the above-mentioned thermosetting res- 
ins or thermoplastic resins can be used for the sealing 

15 resin sheet 26. The thermosetting resin or thermo- 
plastic resin is formed into a sheet in the same way 
as in the above, and then subjected to embossing fin- 
ish, whereby rectangular concave portions 26a can 
be formed thereon. In the present example, a sealing 

20 resin sheet containing a high molecular weight unsa- 
turated polyester as its main component, having a 
high elastic modulus, is used as the sealing resin 
sheet 26. 

As shown in Figure 19A, a pair of conductive pat- 

25 terns, i.e., a conductive pattern 64 for mounting an 
LED and a conductive pattern 66 for connecting the 
LED are formed in a matrix on a flat circuit board 61. 
Then, as shown in Figure 19B, a conductive adhesive 
65 is coated onto each conductive pattern 64, and as 

30 shown in Figure 190, by using the conductive adhe- 
sive 65, an LED 63 is die-bonded to each conductive 
pattern 64 for mounting an LED. Then, as shown in 
Figure 19E, the LED 63 is wire-bonded via a conduc- 
tive wire 67 such as a gold wire to the conductive pat- 

35 tern 66 which is paired with the conductive pattern 64 
on which the LED 63 is mounted. Furthermore, shown 
in Figure 19E, the sealing resin sheet 26 subjected to 
embossing finish so that the rectangular hollow con- 
cave portions 26a capable of receiving the conduc- 

40 tive patterns 64 and 66 protrude upward, is placed on 
the flat circuit board 61. As shown in Figure 20, the 
sealing resin sheet 26 is placed on the flat circuit 
board 61 so that it does not come into contact with the 
LED 63 and the conductive wire 67 and the respective 

45 concave portion 26a covers the conductive patterns 
64 and 66 formed on the flat circuit board 61 . The flat 
circuit board 61 on which the sealing resin sheet 26 
is provided is placed in a vacuum heat pressing ap- 
paratus. 

50 As shown in Figure 20, in the vacuum heat press- 

ing apparatus, a mold 35d for molding a lens provided 
with a number of concave portions 35f each protrud- 
ing upward in a semicircular shape is attached to a 
press heater 35b. When the flat circuit board 61 is 

55 placed in the vacuum heat pressing apparatus, and 
the press heater 35b and the mold 35d are heated to 
a predetermined temperature, a vacuum chamber in 
the vacuum heat pressing apparatus is vacuumized. 
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The heated press heater 35b and the mold 35d for 
molding a lens are lowered under vacuum and heat- 
press the sealing resin sheet 26. The heat-pressed 
sealing resin sheet is melted so as to flow into each 
concave portion 35f of the mold 35d for molding a 5 
lens. In the case where the sealing resin is a thermo- 
setting resin, when the molten resin is further heated, 
it is cured in the mold 35d for molding lens so as to 
be molded into a semicircular shape. After the com- 
pletion of molding, the inside of the vacuum chamber io 
is brought back to an ordinary pressure by removing 
a vacuum state therefrom. Then, the flat circuit board 
61 is released from the pressure of the press heater 
35b, whereby vacuum heat pressing is completed. 
The vacuum degree during vacuum heat pressing is 15 
preferably in the range of 0 to 1 0 Torr, and more pre- 
ferably in the range of 0 to 5 Torr. The heating temper- 
ature (i.e., temperature of the mold 35d for molding a 
lens) during vacuum heat pressing is preferably in the 
range of 100 to 150°C, and more preferably in the 20 
range of 120 to 150°C. The pressure during vacuum 
heat pressing is preferably in the range of 20 to 30 
kg/cm^. The heat pressing time is preferably in the 
range of 5 to 1 5 minutes. 

In the above-mentioned manner, as shown in Fig- 25 
ure 21A, the flat circuit board 61 with each LED 63 
sealed with the sealing resin 26b in a semicircular 
shape can be obtained. The flat circuit board 61 thus 
obtained is divided into the respective LEDs 63, as 
shown in Figure 21B, whereby a number of light- 30 
emitting devices with the LED 63 sealed with the 
transparent convex lens sealing resin 26b in a semi- 
circular shape can be produced. 

The radius of the concave portion 35f in a semi- 
circular shape varies depending upon purposeof use. 35 

The present invention can also be applied to the 
production of dot-matrix type light-emitting display 
devices. Figure 22A is a plan view of a dot-matrix type 
light-emitting display device 50 produced by a meth- 
od for producing a semiconductor device according to 40 
the present invention; Figure 22B is a cross-sectional 
view thereof. 

A light-emitting display device 50 has a pair of 
conductive patterns 54 and 56, i.e., a conductive pat- 
tern 54 for mounting an LED and a conductive pattern 45 
56 for connecting the LED are formed in a matrix on 
a flat circuit board 51. A conductive adhesive is coat- 
ed onto each conductive pattern 54, and an LED 53 
is die-bonded to each conductive pattern 54 for 
mounting an LED with the conductive adhesive. The so 
LED 53 is wire-bonded via a conductive wire 57 such 
as a gold wire to the conductive pattern 56 which is 
paired with the conductive pattern 54 on which the 
LED 53 is mounted. The reverse face of the flat circuit 
board 51 has a plurality of lead pins 59. 55 

Furthermore, a reflective plate 58 with openings 
58a circular in cross-section is provided on the flat cir- 
cuit board 51. Each opening 58a surrounds the con- 



ductive patterns 54 and 56. The reflective plate 58 
has a reflective function, and each opening 58a con- 
tains the LED 53, and the conductive patterns 54 and 
56. Furthermore, each opening 58a is filled with a 
sealing resin 52a. 

Any of the above-mentioned thermosetting res- 
ins or thermoplastic resins can be used for a sealing 
resin sheet 52, and the sealing resin sheet 52 can be 
obtained in the same way as described above. In the 
present example, a sealing resin sheet (Biolex Sheet, 
manufactured by Showa Highpolymer Ck>.,Ltd.) con- 
taining a high molecular weight unsaturated polyester 
as its main component is used as the sealing resin 
sheet 52. 

The reflective plate 58 is provided with a reflec- 
tive function, for example, by producing a resin mold- 
ing having an opening with a desired shape, and mir- 
ror-finishing the inner peripheral face of the opening, 
and subjecting the inner peripheral face to vacuum 
aluminum deposition. Examples of the resin used for 
the reflective plate 58 include modified PPO contain- 
ing 10 to 30% titanium powders. 

Such a dot-matrix type light-emitting display de- 
vice 50 can be produced as follows: 

First, the conductive patterns 54 and 56 are dis- 
posed on the flat circuit board 51, and each LED 53 
is die-bonded to each conductive pattern 54 with a 
conductive adhesive. Then, each LED 53 is wire- 
bonded to each conductive pattern 56 via the conduc- 
tive wire 57 such as a gold wire. As shown in Figure 
23, the reflective plate 58 is placed on the flat circuit 
board 51 so that the conductive pattern 54 with the 
LED 53 mounted thereon and the conductive pattern 
56 are accommodated in the opening 58a, and the 
sealing resin sheet 52 is placed on the reflective plate 
58. 

The flat circuit board 51 provided with the reflec- 
tive plate 58 and the sealing resin sheet 52 in this or- 
der is placed in a vacuum heat pressing apparatus 35. 
As shown in Figure 24, the vacuum heat pressing ap- 
paratus 35 includes a heatable heater plate 35a in a 
vacuum chamber 35c, on which a rectangular fixture 
35g is provided. A pressing member 35k is attached 
to the lower face of the press heater 35b, which is 
positioned above the heater plate 35a and moves in 
a vertical direction so to come into contact with the 
heater plate 35a. The fixture 35g has a concave por- 
tion 35h at the center thereof, into which the flat circuit 
board 52 provided with the reflective plate 58 and the 
sealing resin sheet 52 in this order is placed. 

Releasing paper 35m has been previously placed 
on the bottom face of the concave portion 35h of the 
fixture 35g. The sealing resin sheet 52, the reflective 
plate 58, and the flat circuit board 51 are placed in this 
order on the releasing paper 35m from the bottom 
face of the concave portion 35h of the fixture 35g. As 
the vacuum heat pressing apparatus 35, for example, 
"Vacuum layered plate press" manufactured by Kita- 
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gawa Seimitsu can be used. 

Then, a heater plate 35a is heated and the va- 
cuum chamber 35c is vacuumized. The press heater 
35b is lowered, and the pressing member 35k provid- 
ed on the lower face of the press heater 35b is insert- 
ed between the respective lead pins 59 on the re- 
verse face of the flat circuit board 51 placed in the 
concave portion 35h of the fixture 35g, whereby the 
flat circuit board 51 is pressed by the pressing mem- 
ber 35k. As a result, the sealing resin sheet 52 is heat- 
pressed for a predetermined period of time. The heat- 
pressed sealing resin sheet 52 is melted and flows 
into each opening 58a of the reflective plate 58. Thus, 
each opening 58a is filled with the molten resin and 
the molten resin remains between the reflective plate 
58 and the releasing paper 35m. In the case where 
the sealing resin is a thermosetting resin, the molten 
resin is cured in the openings 58a, and between the 
reflective plate 58 and the releasing paper35m by be- 
ing further heated. After a predetermined period of 
time, the inside of the vacuum chamber 35c is 
brought back to an ordinary pressure by removing a 
vacuum state therefrom. Then, the flat circuit board 
51 is released from the pressure of the press heater 
35b, whereby vacuum heat pressing is completed. 
The vacuum degree during vacuum heat pressing is 
preferably in the range of 5 to 20 Torr, and more pre- 
ferably in the range of 5 to 10 Torr. The heating tem- 
perature (i.e., temperature of the heater plate 35a) 
during vacuum heat pressing is preferably In the 
range of 100 to ISO^'C, and more preferably in the 
range of 120 to 150°C. The pressure during vacuum 
heat pressing is preferably in the range of 20 to 30 
kg/cm^. Although the heat pressing time varies de- 
pending on the heating temperature, the heat press- 
ing time is preferably in the range of 5 to 15 minutes. 
In the present example, only the heater plate 35a is 
heated during vacuum heat pressing; if required, the 
heater plate 35a and the press heater 35b can be 
heated together or only the press heater 35b can be 
heated. 

As described above, a dot-matrix type light- 
emitting display device shown in Figures 22A and 
22B can be produced. 

According to the method for producing such a 
dot-matrix type light-emitting display device, dispos- 
ing the sealing resin sheet 52 on the reflective plate 
58 suffices, and a particular operation for fixing the 
reflective plate 58 is not required. 

According to the method for producing a semi- 
conductor device of the present invention, the follow- 
ing effects can be obtained. 

(1) A sealing resin sheet is melted so as to fill 
each cavity of a multi-cavity circuit board while 
being pressed under vacuum; therefore, there is 
no possibility that the molten resin nonuniformly 
fills each cavity by elastic force of the resin while 
melting. Thus, each cavity is uniformly filled with 



the molten resin. As a result, a number of semi- 
conductor devices can be simultaneously pro- 
duced without any variation of characteristics. 

(2) The sealing resin sheet is melted so as to fill 
5 each cavity under vacuum therefore, air is reli- 
ably discharged from the cavities, preventing air 
bubbles from mixing with the molten resin. As a 
result, the sealing resin is satisfactorily adhered 
to the inner peripheral face of the cavities. Partic- 
le ularly in the case where LEDs are sealed with the 

sealing resin, since the sealing resin contains no 
air bubbles, light emitted from the LEDs are nei- 
ther refracted nor scattered. Thus, the resultant 
light-emitting display devices have outstanding 

15 quality. 

Furthermore, by providing through holes in 
each cavity, providing through holes in portion of 
the sealing resin sheet opposing to each cavity, 
and using porous paper such as silicone releas- 

20 ing paper, as a peeling sheet for surface-finish, 

the removal of the air bubbles from the cavities 
and the sealing resin can be enhanced. 

(3) By prescribing the sealing resin sheet to a pre- 
determined thickness, irrespective of the size of 

25 each cavity, the sealing resin can be filled in each 

cavity precisely in a predetermined amount. 
Thus, the method for producing a semiconductor 
device of the present invention does not require 
a dispenser with high precision, an expensive 

30 molding machine, etc.; thus, the method has out- 

standing cost efficiency. 

(4) Since the sealing resin is melted as to fill each 
cavity by being heated and pressurized under va- 
cuum, the molten resin is not likely to flow and 

35 scatter into a work place. Thus, according to the 

method for producing a semiconductor device of 
the present invention, working environment is not 
contaminated. 

(5) Operations requiring experience and compli- 
40 cated steps are not required, so that process 

management is very simple and production effi- 
ciency is outstanding. 

(6) By using layered sealing resin sheets each 
having a different elastic modulus, the vicinity of 

45 each functional element can be sealed with a 

sealing resin having low elastic modulus and low 
hardness and the upper surface portion of each 
cavity is sealed with a sealing resin with high 
elastic modulus and high hardness. Thus, the 

50 functional element in each cavity is sealed with 

the sealing resin having low elastic modulus and 
low hardness, so that the functional element in 
each cavity can be protected without being 
scratched. Furthermore, the upper surface por- 

55 tion of each cavity is sealed with the sealing resin 

having high elastic modulus and high hardness, 
sothatthe surface of the sealing resin is not likely 
to be scratched by coming into contact with other 
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components while a semiconductor device is 
placed in equipment. Still furthermore, a brush or 
the like Is not used during the production process, 
so that conductive wires are not likely to be de- 
formed or peeled off with the brush or the like. 
Thus, a semiconductor device of outstanding 
quality can be produced. 

(7) The sealing resin is cured or solidified under 
the condition that a peeling sheet for surface-fin- 
ish having a desired surface state (e.g., mirror 
state, matte state) is pressed against the sealing 
resin; therefore, the surface of the cured or soli- 
dified sealing resin has a desired state corre- 
sponding to the surface state of the peeling sheet 
for surface-finish. Thus, a semiconductor device 
sealed with the sealing resin having a desired 
surface state can be obtained. By lens-molding 
using a resin sheet for molding a lens instead of 
the peeling sheet for surface-finish, a semicon- 
ductor device having lenses with a desired shape 
on the sealing resin can be obtained. 

(8) By appropriately combining a desired circuit 
board, a sealing resin sheet, a reflective plate, 
and the like, a desired semiconductor device 
(e.g., a dot-matrix type light-emitting display de- 
vice, a photointerrupter, a leadless IC) can be 
produced with high productivity and high quality. 
Various other modifications will be apparent to 

and can be readily made by those skilled in the art 
without departing from the scope and spirit of this in- 
vention. Accordingly, it is not intended that the scope 
of the claims appended hereto be limited to the de- 
scription as set forth herein, but rather that the claims 
be broadly construed. 



Claims 

1. A method for producing a semiconductor device 
comprising the steps of: 

disposing a functional element in each 
cavity of a multi-cavity circuit board, the multi- 
cavity circuit board having a number of cavities 
opening upward; 

overlaying a sealing resin sheet with pre- 
determined thickness containing, as a sealing 
resin, one of a thermoplastic resin and a thermo- 
setting resin which is melted by heating and is 
cured by further heating, on the multi-cavity cir- 
cuit board so as to coverall of the cavities thereof; 

heating and pressurizing the sealing resin 
sheet on the multi-cavity circuit board so that the 
sealing resin sheet is melted to be filled in each 
of the cavities; and 

curing the molten resin filled in each of the 
cavities. 

2. A method for producing a semiconductor device 



according to claim 1, wherein the sealing resin 
sheet is brought into contact with the multi-cavity 
circuit board under vacuum to be heated and 
pressurized. 

5 

3. A method for producing a semiconductor device 
according to claim 2, wherein the sealing resin 
sheet is heat-pressed together with the multi-cav- 
ity circuit board under vacuum to be heated and 

10 pressurized. 

4. A method for producing a semiconductor device 
according to claim 1, wherein the sealing resin 
sheet is heated and pressurized under a condi- 

15 tion of being pressed by a peeling sheet for sur- 

face-finish with a matte surface. 

5. A method for producing a semiconductor device 
according to claim 1, wherein a through hole is 

20 provided in each cavity. 

6. A method for producing a semiconductor device 
according to claim 1, wherein a through hole is 
provided in a portion of the sealing resin sheet op- 

25 posing to each of the cavities. 

7. A method for producing a semiconductor device 
according to claim 1, wherein a plurality of the 
sealing resin sheets each having a different elas- 

30 tic modulus are overlaid one on another. 

8. A method for producing a semiconductor device 
according to claim 1, wherein the functional ele- 
ment is an optical element and the sealing resin 

35 has light transparency after being cured. 

9. A method for producing a semiconductor device 
according to claim 8, wherein a resin sheet for 
molding a lens having light transparency is over- 
do laid on the sealing resin sheet and the resin sheet 

for molding a lens is molded into a desired lens 
shape when the sealing resin sheet is melted, fills 
a cavity, and is cured. 

45 1 0. A method for producing a semiconductor device 
according to claim 1, wherein the sealing resin is 
a thermosetting modified polyolef in. 

11. A method for producing a semiconductor device 
50 according to claim 1, wherein the sealing resin is 

a modified phenoxy resin having a curable unsa- 
turated portion. 

12. A method for producing a semiconductor device 

55 according to claim 1, wherein the sealing resin is 

a high molecular weight unsaturated polyester 
having a number average molecular weight of not 
less than 5000 or modified materials thereof. 
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13. A method for producing a semiconductor device 
comprising the steps of: 

disposing a functional element in each 
cavity of a multi-cavity circuit board, the multi- 
cavity circuit board having a number of cavities 
opening upward; 

filling each of the cavities with resin fine 
powders containing, as a sealing resin, one of a 
thermo-plastic resin and thermosetting resin 
which is melted by heating and is cured by further 
heating; 

heating the resin fine powders filling each 
of the cavities so as to melt the resin fine pow- 
ders; and 

curing the molten resin filling each of the 
cavities. 

14. A method for producing a semiconductor device 
according to claim 13, wherein the sealing resin 
is a thermo-setting modified polylef in. 

15. A method for producing a semiconductor device 
according to claim 13, wherein the sealing resin 
is a modified phenoxy resin having a curable un- 
saturated portion. 

16. A method for producing a semiconductor device 
according to claim 13, wherein the sealing resin 
is a high molecular weight unsaturated polyester 
having a number average molecular weight of not 
less than 5000 or modified materials thereof. 



20. A method for producing a semiconductor device 
comprising the steps of: 

disposing a plurality of light-emitting di- 
odes on a surface of a flat circuit board; 

5 overlaying a reflective plate with a reflec- 

tive function, having openings capable of accom- 
modating each of the light-emitting diodes, on the 
flat circuit board so that each of the light-amitting 
diodes is accommodated in each of the openings; 

10 overlaying a sealing resin sheet with a pre- 

determined thickness containing, as a sealing 
resin, one of a thermoplastic resin and a thermo- 
setting resin which is melted by heating and is 
cured by further heating, on the reflective plate; 

15 heating and pressurizing the sealing resin 

sheet on the reflective plate so that the sealing 
resin sheet is melted to be filled in each of the 
openings of the reflective plate; 

covering an entire surface of the reflective 

20 plate with the molten resin; and 

curing the molten resin. 



25 



30 



17. A method for producing a semiconductor device 
comprising the steps of: 

disposing a plurality of functional ele- 35 
ments on a surface of flat circuit board; 

overlaying a sealing resin sheet with a pre- 
determined thickness containing, as a sealing 
resin, one of a thermoplastic resin and a thermo- 
setting resin which is melted by heating and is 40 
cured by further heating, and having concave 
portions which cover the respective functional 
elements on the flat circuit board, on the flat cir- 
cuit board; and 

molding the sealing resin sheet on the flat 45 
circuit board into desired shape and sealing the 
respective functional elements in the desired 
shape. 

18. A method for producing a semiconductor device 50 
according to claim 1 7, wherein the functional ele- 
ment is an optical element, and the sealing resin 

has light transparency after being cured. 

19. A method for producing a semiconductor device 55 
according to claim 16, wherein the sealing resin 
sheet is molded into a desired lens shape. 
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